Purpose-We compared overall survival and influencing factors between Asian American women as a whole and by subgroup with white women with cervical cancer.
INTRODUCTION
Cervical cancer is the second leading cause of cancer-related death among women aged 20 to 39 years and has remained a public health problem in the United States. In 2013 alone, 12,340 new cases of cervical cancer were diagnosed, and approximately 4,030 women died of the disease (1, 2) . Survival durations differ among patients with cervical cancer owing to many factors (3) (4) (5) , but race or ethnicity is one of the most common predictors of survival. For example, African American women have been shown to have an increased risk of death from cervical cancer compared with white women, whereas Hispanic women have a decreased risk (3, 4) . Although numerous studies have reported survival disparities for African American and Hispanic women compared with white women (5, 6) , nationwide cervical cancer survival rates for other racial and ethnic groups, including Asian American women, have not been reported.
The Asian American community has rapidly grown over the past decade; a four-fold increase in the population size was observed between 2000 and 2010. Fewer Asian Americans than non-Hispanic whites had health insurance coverage (82% versus 88% in 2011) (7) . As a result, Asian Americans were less likely to access healthcare services for prevention and treatment, including cervical cancer screening programs. This disparity represents a significant public health problem, as cancer is the leading cause of death among Asian American women (8) . This group has a disproportionately high rate of cancers of infectious origin, including cervical cancer (9) ; between 1990 and 2008, invasive cervical cancer was one of the five most common cancers in some subgroups of Asian American women, including those of Cambodian and Korean origin (10) . Furthermore, Southeast Asian women, who have the highest rates of cervical cancer in the United States, have the lowest rates of Papanicolaou smear testing (11) . In general, cervical cancer is a serious problem in the fast-growing Asian American population, requiring study on a national scale. Numerous studies have addressed the cervical cancer screening among Asian American women (12) (13) (14) (15) . However, there is a lack of knowledge on the survival outcomes of Asian American women diagnosed with cervical cancer. Additionally, for the purposes of cancer control, it is imperative to report disaggregated data of the Asian American population since this population is heterogeneous and dynamic (16, 17) . Consequently, analyses of cervical cancer survival outcomes among subgroups of the Asian American women at the national level would be of paramount importance.
In this study, we investigated cervical cancer overall survival durations and factors influencing survival among Asian American women and among women of Asian subgroups in comparisons with non-Hispanic white women. We sought to explore the potential effects of demographics, socioeconomic patterns, and clinical characteristics, which have been suggested as predictors of survival in previous studies (18) (19) (20) (21) (22) . We expect that findings from this study would help to better design health interventions and guide future research for cervical cancer prevention and control.
MATERIALS AND METHODS

Study population and data source
We used records from the National Cancer Institute's Surveillance, Epidemiology and End Results (SEER) registry for the years 1996-2012 (23). The registry represented approximately 28% of the U.S. population and had wide geographic coverage. The validity and completeness of the SEER database make it a well-known, high-quality source of cancer statistics (24) . The year 1996 was chosen as our starting point because from this year onward, specific ethnic information about patients with Asian origins was recorded. Because patients were not identifiable, our study received exempt status from the Institutional Review Board of The University of Texas MD Anderson Cancer Center.
We extracted the records of Asian American women (including those of Indian/Pakistani, Chinese, Filipino, Japanese, Kampuchean, Korean, Laotian, or Vietnamese origin) and nonHispanic white women (white women) who had a confirmed diagnosis of cervical cancer during the study period. We collected information about each patient's disease stage at diagnosis ("SEER historic stage A"), tumor histologic classification, demographic characteristics, and initial treatment. Socioeconomic status was determined using data from the Area Health Resource File database, based on state county code. Information about poverty, education, income, and unemployment at the county level were used to estimate a composite socioeconomic index, as described elsewhere (22) . This index was categorized into four quartiles, the lowest of which was the most socioeconomically disadvantaged. We used the rural/urban continuum code to describe the population density of the counties in which the patients resided. Additionally, as a surrogate variable to estimate the proportion of our cohort that was foreign-born, we determined the percentage of the population of each woman's county-of-residence born outside of the United States and categorized the percentages into 1 of 4 relative quartiles, from lowest to highest. For both databases, we excluded records with missing values for key covariates, including marital status, age at diagnosis, histologic classification of the tumor, type of treatment, and socioeconomic status. Cancer survival outcome variables included vital status and time-to-event (i.e., the time from the date of diagnosis until death, censoring, or last follow-up).
Statistical analysis
We used the chi-square test to examine differences by race in the distribution of categorical variables such as demographic characteristics, tumor histologic classification, and type of treatment. The Wilcoxon rank-sum test was used to assess differences in the median values of continuous variables (e.g., age at diagnosis).
We used the Kaplan-Meier method to investigate overall survival within each racial group, and the log-rank test to examine differences between the groups. Overall survival was calculated in months from the time of diagnosis to death or last follow-up. Patients who were still alive at last follow-up were censored. We compared overall survival rates between racial groups at key time points (36 months and 60 months).
We also conducted univariable and multivariable analyses using Cox proportional hazards regression modeling with overall survival as the evaluable endpoint. The effect of race on overall survival was examined with the presence of all covariates. This effect was further examined in different age groups and in subgroups of Asian American women, which were categorized by geographic area of origin and sample size. To evaluate the proportional hazards assumptions for this Cox model, we used Schoenfeld residual analysis.
All analyses were performed in SAS 9.4 (SAS, Cary, NC); p < 0.05 was considered statistically significant.
RESULTS
Study cohort
We identified the records of 11,902 women with a cervical cancer diagnosis between 1996 and 2011 (with last follow-ups through 2012) in the SEER database. We excluded 1 We included the records of 10,474 women in the analysis. Among these women, 9,408 (90%) were white, and 1,066 (10%) were Asian American (Table 1) . Of the Asian American women, 344 (32%) were of Filipino origin, 236 (22%) were of Chinese origin, 249 (23%) were of North Asian origin (146 of Japanese and 103 of Korean origin), and 206 (19%) were of Southeast Asian origin (137 Vietnamese, 21 Laotian, 26 Kampuchean, and 22 Thai). Only 31 women (3%) were of Asian Indian/Pakistani origin. Three hundred forty-nine (33%) of the Asian American women and 3,452 (37%) of the white women had died by the last follow-up, and 60% of all deaths were related to cervical cancer. The proportions of Asian American women and white women who died of cervical cancer did not differ (p = 0.969). We found that several demographic, socioeconomic and clinical characteristics differed between the Asian American and white groups, but the results were not necessarily similar when subgroups of Asian American women were compared with white women (Table 1) . Asian American women were about 3.3 years older than white women at the time of diagnosis (Asian American women mean age: 53.4 years; white women mean age: 50.1 years; p < 0.001). Similarly, compared with white women, women of Asian subgroups demonstrated significantly higher age at diagnosis. Asian American women were more likely to live with a spouse or domestic partner than were white women (Asian American: 61%; white: 51%; p < 0.001). Among Asian American women, those of North Asian origin had the lowest marriage rate (56%), which did not differ significantly from that of white women. In addition, the proportion of regional or distant disease of Asian American women (51%) was significantly higher than that of white women (46%; p = 0.002). However, the regional or distant disease proportions of women of Filipino or North Asian origin did not differ from those of white women. Asian American women and white women had tumors with different histologic classification (p = 0.024). However, several subgroups of Asian American women, including those of Filipino, Chinese, and North Asian origin, had histologic classification distributions that did not differ significantly from those of white women. The proportions of Asian American women and white women who had squamous cell carcinoma (66% and 64%, respectively) did not differ significantly (p = 0.089). More than half of the Asian American women (55%) but only a quarter of the white women (25%) were in the highest relative socioeconomic status quartile. Approximately half of women of North Asian and Filipino origin and white women lived in metro areas (of one million population or more); however, the proportion living in metro areas were much larger in other Asian subgroups (range, 65% -84%). In general, women of North Asian and Filipino origin, but not those in other subgroups of Asian American women, had clinical characteristics similar to those of white women.
Univariable analysis
The median overall survival duration for all women was 62 months (range, 0-203 months). The Kaplan-Meier overall survival curves for Asian American women and white women are shown in Figure 1 . Asian American women had a higher overall survival probability than white women did (p = 0.049), and the overall survival rates of Asian American women were better than those of white women at both 36 months (0.77 vs 0.73; p = 0.004) and 60 months (0.70 vs 0.67; p = 0.033).
Multivariable analysis
The multivariable analysis showed that race was predictive of overall survival after controlling for marital status, age, stage at diagnosis, type of treatment, histologic classification, socioeconomic status, county-of-residence population density, and place of birth (Table 2) . Consistent with the Kaplan-Meier analysis, the Cox model demonstrated that Asian American women had better overall survival than white women (hazard ratio [HR] = 0.77, 95% confidence interval [CI] =0.68-0.86). In addition, women of Filipino, Chinese, or Southeast Asian origin, but not those of North Asian origin, had better survival compared with white women, with HRs ranging from 0.62 to 0.82 (Table 3 ). Subgroup analysis of the 31 Asian Indian/Pakistani women was not performed because of the limited sample size.
High socioeconomic status positively affected overall survival outcomes; although overall survival outcomes did not differ among women in socioeconomic status quartiles 1, 2, or 3, women in quartile 4, who had the highest socioeconomic status, had improved overall survival outcomes (HR = 0.85, 95% CI = 0.76-0.95; Table 2 ). High socioeconomic status also had a positive impact on the overall survival durations of the subgroups of Asian American women (Table 3 ). The proportions of the county-of-residence population born outside the United States differed significantly between Asian American women (73% in the highest quartile) and white women (24% in the highest quartile; p < 0.001); however, this factor did not affect survival outcomes. The survival outcomes of women with squamous cell carcinoma and those of women with adenoma or adenocarcinoma did not differ, but compared with women who had squamous cell carcinoma, those with other types of tumors had poorer survival outcomes (HR = 1.50, 95% CI = 1.38-1.65; Table 2 ). The analyses comparing the survival outcomes on the basis of the histologic classification of subgroups of Asian American women with those of white women yielded similar findings.
Age at diagnosis affected the overall survival outcomes of Asian American women and white women differently. In the age-stratified analysis, heterogeneity was evident in the overall survival comparisons between the two racial groups (Table 4) . Among women younger than 35 years, Asian American women were approximately twice as likely as white women to die (HR =2.42, 95% CI = 1.47-4.00). However, among women 55 years or older, Asian American women consistently had better overall survival than white women, with HRs ranging from 0.59 to 0.61. For Cox model specification, the Schoenfeld residual analysis provided evidence that the proportional hazards assumption held.
DISCUSSION
To the best of our knowledge, our study is among the first to evaluate overall survival in Asian American cervical cancer patients at a national level. Our results showed that, after adjustment for covariates including marital status, age at diagnosis, stage at diagnosis, histologic classification, treatment type, and socioeconomic status, Asian American women as a whole had better overall survival rates than white women did. However, women of North Asian origin and white women had similar survival durations. Additionally, both Asian American women as a whole and those grouped by geographical place of origin were older than white women at the time of diagnosis.
In a study of Asian American women with cervical cancer (including those of Chinese, Filipino, Vietnamese, Korean, South Asian (Asian Indian and Pakistani) and Japanese origin) in California between 1988 and 2004, Bates and colleagues found that Asian American women had better survival outcomes than non-Hispanic white women (HRs varied between 0.57 and 0.79 compared with white women) (25) . This is consistent with our findings. By contrast, another study of cervical cancer patients, also in California, showed no difference in overall survival between white women and women of Asian origin (26) . Because very few studies have examined survival in Asian American women with cervical cancer, findings among studies may vary with the covariates selected.
In our study, Asian American women tended to be older than white women at cervical cancer diagnosis, which may indicate disparity in these groups' access to healthcare services, particularly screening. Lim and colleagues also observed that ethnic minorities often live in neighborhoods with limited access to healthcare services [2] . A 2007 study showed that 81% of non-Hispanic white women, but only 70% of Asian American women, had a Papanicolaou test (15) . Asian American women in our study had better socioeconomic status than white women, but socioeconomic status may not always correlate with access to preventive services. Additionally, because previous successful reductions in cervical cancer incidence and mortality have been credited to early detection of neoplasia, health promotion programs may consider tailoring their communication messages, particularly those concerning screening, to specific minority groups such as Asian Americans.
Low rates of cervical cancer screening and inadequate follow-up of abnormal testing results were found to be associated with low socioeconomic status, structural factors, and cultural or personal barriers (27) . Our results indicated that Asian American women were socioeconomically better off than white women, suggesting that interventions to improve screening rates among Asian American women should focus on resolving cultural or personal barriers and structural factors. In addition to a language barrier, Asian American women often hold beliefs or values that may not support a healthy lifestyle (15) . For example, they may believe that getting sick or getting cancer is a matter of luck, and consequently may procrastinate or not believe that preventive services are important (15, 27, 28) . Structural barriers may include a shortage of mobile services in hard-to-reach areas. Evidence from a study in Santa Clara, California, showed that media-assisted education in combination with lay health worker communication may improve screening rates among Vietnamese American women (29) .
Our findings would contribute to the research aimed at reducing health disparities in the United States. The Asian American population is one of the fastest growing populations in the nation (30) . Thus, continuing health disparities in this group will greatly affect societal infrastructure and lead to substantial burdens on the system. The expansion of state and federal cancer screening programs is consistent with the Healthy People 2020 agenda, in which achieving health equity, eliminating disparities, and improving the health of all groups is one of the four overarching goals. Evidence has shown an increase of 81.2% in patient use of screening between 1991 and 2005 as a result of the national partnerships and outreach interventions under the National Breast and Cervical Cancer Early Detection Program (aimed at underserved areas and individuals) (27) . This increased screening may partially explain the similarity in the overall survival rates of cervical cancer patients in the first, second, and third socioeconomic status quartiles in the present study.
Our analysis indicated that place of birth did not affect overall survival in Asian American women with cervical cancer. In 2010, most foreign-born people in the United States were from Asia (28%) or Mexico (29%) (31) . Previous studies have revealed that nativity affects the survival of Hispanic women with cervical cancer, and this effect is known as the "Hispanic paradox." Montealegre and colleagues found that, among women with late-stage cervical cancer, foreign-born Hispanic women had better survival than U.S.-born Hispanic women (32) . Similarly, Gomez et al. found that, among Californian women of high socioeconomic status, those who were foreign-born had lower cervical cancer mortality rates than those who were born in the United States (33) . Asian American women with cervical cancer may be subject to a similar effect, and additional research is needed to investigate this possibility. Future analysis should examine the relationship between nativity and cervical cancer-specific death. Determining patients' place of birth at the individual level, rather than the community level, would ensure more accurate results.
We also observed that Asian American women as a whole were more likely than white women to live with their spouses or domestic partners at the time of diagnosis. Because family support plays a crucial role in improving treatment outcomes for cancer patients (9, 34) , spousal relationships may contribute to improved survival among patients with cervical cancer. Further study is needed to examine this relationship.
Heterogeneous characteristics among Asian subgroups were demonstrated in both patient characteristics (demographic, socioeconomic, and clinical) and the final survival outcomes. Women of both North Asian origin and Filipino origin had similar clinical characteristics with those of white women, but women of Filipino origin had better survival outcome than white women while the survival outcomes of women of North Asian origin did not differ with those of white women. Our study demonstrated the similarity in tumor characteristics, disease stage, and marital status could explain the indifference of the survival outcomes between women of North Asian origin and white women. Other reasons could include the degree of "eastern view" of women of North Asian origin that was not examined in the present study. In a population-based study, Wang et al. defined "eastern view" as a measure of thought in "I think staying healthy is a matter of luck more than anything else", and thought in "It is generally better to take care of your own health than to go to the doctor." This study found that women of Japanese or Korean origin had the least "eastern view" compared with other Asian subgroups (including women of Vietnamese, Chinese, and Filipino origin) (15) . Future research may examine the association between the degree of "eastern view" among North Asian women and cervical cancer survival outcomes. Additionally, women of Japanese origin in this population-based study had similar rate of having Papanicolaou tests in the past two years with white women. Consequently, increasing of cervical screening would potentially be of paramount importance for other Asian subgroups but not women of Japanese origin.
Our study had some limitations. The final sample excluded patients whose marital status was unknown. We decided to keep this variable in our model because previous studies have shown that spousal relationships influence cancer survivorship (35, 36) . Also, because socioeconomic information was not available at the individual level, we utilized communitylevel socioeconomic data. Our model also did not account for comorbid diseases and conditions (e.g., hypertension, smoking, obesity) that have been reported to have a strong relationship with cancer survivorship (37) (38) (39) (40) . Although our study sample (extracted from SEER registry) is among the largest used to date to study cervical cancer nationwide, it did not represent the whole Asian American population in the United States. Of the 10 places with the highest populations of Asian Americans in the United States, (7) half, including New York, Chicago, and Houston, were not included in our sample. Therefore, future research should focus on these geographical areas. In addition, the results of our subgroup analyses may be at risk for being unstable because of the limited sample sizes (41) . In the future, including longer follow-up times and additional patients from the SEER registry and/or using advanced statistical methods for sample matching could address this limitation. Another helpful approach might be to investigate the simultaneous effects of covariates on overall survival, as previous studies have suggested that certain covariates for overall survival (e.g., disease stage and type of treatment; race and socioeconomic status) are interdependent (9, 42) .
CONCLUSIONS
We found a pronounced difference in age at diagnosis among Asian American and white women. Compared with white women, women of Filipino, Japanese or Korean had similar clinical characteristics, but women of other Asian subgroups did not. Although overall survival durations were better among Asian American (except for those of Japanese and Korean origin) than white women after controlling for demographic, clinical, and socioeconomic factors, Asian American women may have reduced access to screening programs and thus are being diagnosed at older ages. We suggest that additional study to identify ways to improve Asian American women's access to care and screening is needed. Future studies would need to report the data by Asian subgroups to fully address the heterogeneity of this Asian American women population. The findings of our study also suggest that potential effective health promotion and behavioral interventions to improve cervical screening should focus on addressing cultural or personal barriers and structural factors. Table 1 Demographic, socioeconomic and clinical characteristics of women with cervical cancer of Asian American group and of Asian subgroups in a comparison to white women (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . (15) 1,532 (16) 86 (8) 33 (10) 26 (11) 15 (6) 10 (5) 35-44 2,697 (26) 2,444 (26) 253 (24) 90 (26) 56 (24) 62 (25) 41 (20) 45-54 2,472 (24) 2,184 (23) 288 (27) 98 (28) 51 (22) 66 (27) 64 (31) 55-64 1,599 (15) 1,406 (15) 193 (18) 51 (15) 36 (15) 39 (16) 55 (27) ≥65 2,088 (20) 1,842 (20) 246 (23) 72 (21) 67 (28) 67 (27) 36 (17) Marital status (21) 146 (14) 45 (13) 26 (11) 41 (16) 31 (15) Married/domestic partner 5,428 (52) 4,780 (51) 648 (61) 210 (61) 156 (66) 139 (56) 124 (60) Divorced/separated/widowed 2,937 (28) 2,665 (28) 272 (26) 89 (26) 54 (23) 69 (28) 51 (25) Stage at diagnosis 527 (49) 175 (51) 129 (55) 125 (50) 90 (44) Regional 3,722 (36) 3,285 (35) 437 (41) 132 (38) 92 (39) 96 (39) 99 (48) Distant 1,165 (11) 1,063 (11) 102 (10) 37 (11) 15 (6) 28 (11) 17 (8 (61) 166 (67) 146 (71) Adenoma or adenocarcinoma 2,448 (23) 2,233 (24) 215 (20) 74 (22) 53 (22) 53 (21) 30 (15) Other 1,330 (13) 1,181 (13) 149 (14) 47 (14) 38 (16) 30 (12) 30 (15) Vital status at last follow-up (68) 161 (65) 141 (68) Dead 3,801 (36) 3,452 (37) 349 (33) 114 (33) 76 (32) 88 (35) 65 ( (5) 456 (5) 35 (3) 10 (3) 12 (5) 5 (2) 6 ( 419 (39) 139 (40) 97 (41) 103 (41) 70 (34) Radiation 2,813 (27) 2,481 (26) 332 (31) 108 (31) 70 (30) 73 (29) 73 (35) Surgery and radiation 2,571 (25) 2,291 (24) 280 (26) 87 (25) 57 (24) 68 (27) 57 (28 (25) 2,586 (27) 84 (8) 30 (9) 9 (4) 19 (8) 22 (11) Quartile 2 3,173 (30) 2,902 (31) 271 (25) 77 (22) 56 (24) 63 (25) 61 (30) Quartile 3 1,699 (16) 1,578 (17) 121 (11) 46 (13) 14 (6) 28 (11) 31 (15) Quartile 4 2,932 (28) 2,342 (25) 590 (55) 191 (55) 157 (67) 139 (56) 92 ( (29) 3,022 (32) 62 (6) 37 (11) 1 (0) 16 (6) 8 (4) Quartile 2 2,242 (21) 2,139 (23) 103 (10) 34 (10) 9 (4) 33 (13) 22 (11) Quartile 3 2,117 (20) 1,991 (21) 126 (12) 37 (11) 19 (8) 28 (11) 34 (17) Quartile 4 3,031 (29) 2,256 (24) 775 (73) 236 (67) 207 (88) 172 (69) 142 (69) Residence population density 696 (65) 184 (53) 198 (84) 126 (51) 164 (80) County population <1,000,000 4,765 (45) 4,395 (47) 370 (35) 160 (47) 38 (16) 123 (49) 42 (20) 1 Socioeconomic status (based on county-level poverty, education, income, and unemployment levels) was categorized into 1 of 4 relative quartiles within the study sample. Quartile 1 represents the lowest socioeconomic status, or most socioeconomically disadvantaged, and quartile 4 represents the highest socioeconomic status, or most socioeconomically advantaged.
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